31P and 13C nuclear magnetic resonance studies of macrophages.
Biochemical events associated with differentiation and activation of monocyte-macrophage cell lines are of major interest in the understanding of pathophysiological processes as well as in research on immunopharmacological modulation of these cells. Nuclear magnetic resonance is the technique of choice for kinetic studies of metabolic events under such experimental conditions. This approach was used with the P388-D1 model of mature macrophages. Cells primed in vivo were triggered in vitro during NMR analysis and the results were compared to those from chemiluminescence tests performed simultaneously. Three preliminary phases were achieved: (i) 31P and 13C NMR spectroscopy of perchloric acid extracts, (ii) optimization of culture and perfusion conditions with validation of macrophage viability and functionality, and (iii) development of a data processing technique to improve the time resolution of kinetic studies. Based on their phosphocreatine content, cells primed in vivo exhibited maturation than control cells. After the respiratory burst of primed macrophages was triggered by concanavalin A, 31P NMR spectra reflected both a transient increase in ADP phosphorylation and intracellular acidification. 13C NMR studies indicated an acceleration of metabolism following in vitro triggering. The phenomenon was associated with an increased glucose consumption, implicating the hexose monophosphate shunt. These occurred concomitantly with the appearance of new peaks attributed to phosphorylated sugars.